Middle cerebral arteries (MCAs) of rabbits were compared with two types of small branches « IOO-fLm outer diameter), penetrating arteries (PAs) and surface arteries (SAs), by determining their mechanical reactivity to several amines and standard contractile agents. Two techniques were employed: (a) measurement of isometric tension of I-mm rings (MCA, PA, or SA); (b) measurement of perfusion pressure of segments consist ing of essentially MCA or essentially P A. Both tech niques revealed similar reactivity of the different types of vessel to acetylcholine, i.e., relaxations to a maximum of 52-78%, and similar strong contractile responses to his tamine, although the MCA was more sensitive. Under HI blockade, histamine dilated the PA (both techniques) and the MCA (perfusion technique), but not the SA. Rela tively weak contractile responses to serotonin were ob served in the MCA (both techniques) and the PA (perfu-
In recent years evidence has accumulated show ing that cerebral artery reactivity to neurotransmit ters differs not only between species but also be tween the major pial arteries, which are the usual subject of investigation in vitro (McCulloch and Ed vinsson, 1984; Hamel et al. , 1988) . Certain differ ences have also been revealed between cerebral ar teries and veins (Hardebo et al. , 1986 (Hardebo et al. , , 1987 . Clearly, one of the major aims of such studies is to attempt to relate the characteristics of a given ves sel to anatomical and morphological data (innerva tion, muscle thickness, situation in the cerebral vas cular system, etc. ) so that general conclusions about the functional attributes of the vessel and the sion technique), but not the SA (isometric tension only); no dilative responses could be elicited. Responses to nor adrenaline varied with the vessel considered: The MCA contracted only, whereas the P A weakly contracted or relaxed at basal tone, and many preparations relaxed af ter precontraction with uridine triphosphate; the SA did not react. Relaxation of pre contracted P A by noradrena line occurred at relatively low concentrations and was antagonized by propranolol at 3 x 10-7 or 3 x 10-6 M. These results reveal very significant differences in the segmental reactivity to amines and suggest that nor adrenaline released from sympathetic fibers might have opposing actions in the major pial arteries and the smaller penetrating branches. Key Words: Amines-Cerebral ar terioles-Diff erential reactivity-Middle cerebral artery Middle cerebral artery branches-Noradrenaline relax ation.
system in general can be drawn. A number of ap parent paradoxes exist, however, which await ex planation. For example, although rabbit middle ce rebral arteries (MCAs) are equipped with a dense plexus of sympathetic fibers (Peerless and Yasargil, 1971; Sercombe et al. , 1975) , their reactivity to nor adrenaline in vitro can be considered extremely poor (Duckles and Bevan, 1976; Verrecchia et al. , 1984; Sercombe et al. , 1985) . In contrast, the same arteries constrict very strongly to histamine, a re sponse that masks a concomitant dilator component , while there is no evidence of histamine-containing nerves in such vessels.
Work involving in vivo pial artery observation, mostly in cats, has thrown some light on the reac tivity of smaller vessels, comprising primary and secondary branches of the MCA (e. g. , Kuschinsky et al. , 1974; Wei et al. , 1978; Auer and Ishiyama, 1986 ), but only surface arteries (SAs) can be ob served in this way. In contrast, an interesting series of studies on rat intracerebral arterioles by Dacey and co-workers (Dacey and Duling, 1984; Bassett, 1987a, 1987b) has revealed unsus pected properties, especially with respect to the in fluence of pH. Clearly, the smooth muscle of such vessels may be influenced not only by neurotrans mitters released from "classical" perivascular nerves, but also by transmitters present in the pa renchyma. Penetrating arteries (PAs), which are di rectly derived from the MCA, thus deserve inves tigation since they are strategically placed to have significant influence on regional intracerebral blood flow and can be subjected to mUltiple influences including humoral, local cerebral, and specific ner vous factors. In the present article we report on experiments performed on the rabbit MCA and its penetrating branches using two techniques for mea suring the reactivity to neurotransmitter amines. For comparison a number of experiments were also performed on surface branches of the MCA. The experiments reveal that PAs have strikingly differ ent properties from the parent vessel, in particular with respect to noradrenaline.
MATERIAL AND METHODS

Vessels studied
MCAs and their small (lOO-!Lm maximum diameter at rest) primary branches, obtained from adult Fauve de Bourgogne rabbits, were the subject of this study. Two types of preparation were used (see Fig. 1 ): (a) Short intact segments of MCAs, PAs, or SAs, -1 mm long, were mounted on parallel holders for isometric tension recording. (b) Longer intact segments of MCA, with the small branches either patent or ligated, were connected to a perfusion system for perfusion pressure recording; de pending on the ligatures made, the major resistance to flow was in the parent artery or the small branches.
Isometric tension recording
After decapitation of the animal under pentobarbital anesthesia, the brain was removed and placed in cold buffer solution (Krebs solution). Within 1-2 h of death, 1-mm-long segments of the vessels were mounted on two L-shaped tungsten holders (50 !Lm in diameter) between platinum electrodes (0.3 mm in diameter, 4-5 mm apart, placed parallel to the vessel) in an organ bath (Hardebo et al., 1987) for registration of isometric circular contrac tions and relaxations following exposure to the various agents and electrical field stimulation. MCA segments were taken just proximal and distal to branching points of the thalamostriatal arteries ( Fig. 1A) . To facilitate mount ing and avoid touching the small branching vessels (SAs and PAs), these branches were left attached to a short segment of the MCA. Thus, the preparation shape resem bled a "T," with the horizontal bar representing the MCA. A small hole was cut in the MCA just opposite the branch, and the preparation was transferred onto the holders by gripping each end of the horizontal bar (Fig.  IB) .
The organ bath contained a Krebs-Ringer buffer solu tion of the following composition (mM): NaCI 118; KCl
:: SA or PA For perfusion pressure measurements of the MCA reactivity, all collateral vessels were ligated so that the perfusate flowed as indicated by the arrows. For measurements of PA reactivity, a second ligature, L2, closed the MCA, and all branches other than PAs were ligated. In the case of isometric tension mea surements, short segments as indicated by the square brack ets were removed and mounted on the L-shaped holders.
CW, circle of Willis; LOT, lateral olfactory tract. B: Mounting of the PAs and SAs on the L-shaped holders of the isometric tension system. 4.5; CaCl2 2.5; MgS04 1.0; NaHC03 25; KH2P04 1.0; glucose 6.0. In some tests all NaCI was replaced with KCl. The bath temperature was kept at 37°C and the pH at 7.3-7.4 by continuous slow bubbling with 88.5% O2 11.5% CO2, After mounting, the vessels were subjected to a passive load of 2.5-3.0 (MCA) or 0.5-1.0 (branches) mN and then allowed to stabilize for 90 min. The passive load applied was of a magnitude that would give a maxi mum contractile response in each particular type of ves sel, as tested in separate experiments. To study dilata tions, the vessels were actively contracted beforehand by UTP at a concentration that would give maximum or near-maximum contractions. This agent was the most ef fective of the constrictors tested (including high potas sium) to produce a marked, stable contraction in all vas cular segments. In some tests, histamine was used as the precontractile agent, with similar responses to the dilative agents tested. Several vessel segments were mounted from each individual animal, but only a few identical ex periments were performed on the same vessel. Electrical stimulation was delivered as a IO-s train of square-wave impulses. The waves were perfectly square shaped, as visualized on an oscilloscope. Stimulating voltages, measured on an oscilloscope, were 1-10 V; 4.5 V corresponded to a current of 35 rnA, 7.5 V to 60 rnA. Frequencies varied from 1 to 20 Hz, with 6 Hz as the commonly used frequency. The duration of impulses var ied between 0.05 and 0.3 ms, with 0.1 ms being the com monly used duration.
Perfusion pressure recording
The brain was removed after decapitation and placed in N-2-hydroxyethylpiperazine-N' -2-ethanesulfonic acid buffer solution. During the preparation of the segments (see Fig. lA ) the MCA was perfused with the same solu tion (Sercombe et aI., 1985) .
The long segment, designed to test the MCA reactivity, consisted of a IO-mm length of MCA starting from the circle of Willis, with all except minor «50 /l-m) branches being ligated ( Fig. lA) . In contrast, in the short segment, the MCA itself was ligated at �5 mm from the circle of Willis, whereas the small branches leaving the parent ves sel more or less at right angles were left unligated and sectioned at 2-3 mm from the MCA (Fig. lA) . In this case the major part of the resistance to flow can be assumed to lie in the small branches (see Discussion). Generally, there were three or four PAs in the region considered. Appropriate surface branches were much less numerous and less reactive as tested by the isometric tension mea surements and thus were not studied systematically in this way. In PA or MCA preparations they were ligated.
After the ligations were completed, the segments were connected by means of a short stainless-steel cannula to the perfusion system previously described (Sercombe et aI., 1985; . In the present series of experiments only extraluminal drug administra tion was performed, except when histamine was tested as a vasodilator. In this case, as in an earlier series, both histamine and chlorpheniramine were administered in traluminally [see for technique]. The perfusion-incubation solution was of the following composition (mM): NaC1126; KCI 5; NaH2P04 1.2; MgCl2 1.3; NaHC03 18; CaCl2 2.5; glucose 5.5. The bath temperature was 37°C and a pH of 7.3-7.4 was main tained by gassing both the perfusion and the incubating solutions with 20% 02' 76% N, and 4% CO2,
Evaluation of results
In isometric tension experiments, tension changes were first meas u red as absolute units (dynes), then expressed in relative terms for each vessel as follows: Contractions were expressed as percentage of the maximum response obtained to UTP; relaxations were expressed as percent age decrease of the active tone given (usually by UTP) before administering the relaxing agent. In perfusion pressure experiments, contractions were measured di rectly and expressed as millimeter mercury increase in pressure. Relaxations were first measured as decreases in pressure in millimeters mercury, then expressed for each vessel as percentage decrease of the active tone given (by UTP) before administering the relaxing agent.
All values are expressed as means ± SD unless other- 
Drugs
Stock solutions of the following agents were prepared in nitrogen-saturated distilled water: UTP (sodium salt), tetrodotoxin, acetylcholine chloride, 5-hydroxytrypta mine creatinine sulfate, D,L-propranolol hydrochloride, norepinephrine bitartrate, histamine dihydrochloride (Sigma); mepyramine (pyrilamine maleate; Merck); and chlorpheniramine maleate (Cetrane). Small quantities were injected into the baths to produce known concen trations around the vessels.
RESULTS
UTP and 120 mM K + UTP and K + were systematically tested in exper iments measuring the isometric tension. Depolar ization with a high K + solution induced a stable contraction in large pial arteries, whereas in the branches only transient responses that ceased within �2 min were observed. This contrasts with the contractile response to UTP, which remained stable in all vascular segments and hence was used in the tests with amines as an internal reference. Table 1 shows that although the magnitude of re sponses to UTP was greater in the MCA than in the PA or the SA, the sensitivity remained the same, and the responses to 120 mM K + did not differ from the maximum UTP-induced contraction.
Acetylcholine
In the present experiments utmost care was taken in preparing and mounting the arteries to minimize damage to the endothelium. In accordance with published data on vessels of all other types studied, such intact arteries dilated strongly to acetylcholine whichever technique was used. No significant dif ference of the Emax or the PD2 was found between the MCA, the PA, or the SA as determined by iso- Fig. 2A ), and this was also true for the MCA and the PA prepa rations studied by perfusion (Table 2 ; Fig. 2B ). Ace tylcholine had no constrictive action on these ves sels.
Histamine
Histamine is known to exert dual effects on the rabbit circulation (Owen, 1977) , including cerebral arteries (Sercombe et aI. , 1986) . In the absence of preconstriction and without blockade of any kind, histamine strongly constricted all types of arteries as determined by isometric tension measurement, although the SAs and PAs were less sensitive than the MCA (Fig. 3A ; Table 2 ). Broadly compatible results were obtained with the perfusion technique, although the P02 values of the MCA and PA prep arations did not differ significantly ( Fig. 3B ; Table  2 ). When preconstricted by UTP and in the pres ence of an Hcantagonist, dilatations by histamine were revealed in certain cases. Thus, under the present conditions of isometric tension measure ments and in the presence of 10-6 M mepyramine, histamine dilated a number of PAs but no MCAs or SAs ( Fig. 4A ; Table 2 ). In perfusion experiments, MCA preparations dilated to intraluminal histamine in the presence of 3 x 10-6 M chlorpheniramine, and a similar effect was observed with the PA preparations, although the apparent P02 value was lower ( Fig. 4B ; Table 2 ).
Serotonin
Serotonin induced a relatively weak constrictive effect in MCAs studied by isometric tension mea surement ( Fig. 5 ; Table 2 ), and no dilative action could be detected in preconstricted segments of MCA. No action at all (neither constriction nor di latation) was observed in PAs and SAs studied by isometric tension measurements. Perfusion mea surements confirmed the absence of any dilative ef fects of serotonin on MCA and PA preparations. However, a clear-cut, albeit weak, constrictive ef fect was found in both MCA and PA preparations ( Fig. 5 ; Table 2 ); the P02 values were not signifi cantly different.
Noradrenaline
In resting MCA segments studied by isometric tension measurement, noradrenaline induced a moderate constriction, whereas no significant con- (n = 18) (n = 5) (n = 9) (n = 7) (n = 5) P02
6.0 ± 1.1 5. 2 ± 0.7 5.8 ± 0. 7 5.5 ± 0.5 6.0 ± 0.7 (n = 18) (n = 5) (n = 9) (n = 7) (n = 3) Histamine constriction Emax 112 ± 14.7% 111.4 ± 25.9 mm Hg 116 ± 37.1% 75.3 ± 28.8 mm HgQ 92 ± 22.3% (basal tone) (n = 9) (n = 15) (n = 12) (n = 8)
Units of Emax: Dilatations obtained with either technique are expressed as percentage of induced tone. Constrictions obtained by isometric tension measurement are expressed as percentage of maximum response to UTP. Constrictions obtained by perfusion pressure measurement are expressed as increase in perfusion pressure of preparation (mm Hg). In a few cases a single maximal concentration of amine was administered, so that n for the Emax values is greater than for P02 values.
Q Significantly different from middle cerebral artery, p < 0.01. b Significantly different from middle cerebral artery, p < 0.05. C Experiments performed in presence of 10-6 M mepyramine (isometric tension) or 3 x 10-6 M chlorpheniramine (perfusion pres sure for perfusion pressure measurements. 0:::
: ' 1 '
striction was detected in PA and SA segments ( Fig.  6 ; Table 2 ). Weak constrictions were found in MCA preparations studied with the perfusion technique ( Fig. 6 ; Table O . When unpreconstricted PA prep arations were tested with noradrenaline using the perfusion technique, the overall mean response (n = 11) was a small relaxation ( Fig. 7) . Of the 11 preparations studied, 2 induced no detectable change in pressure, 5 induced a very weak rise in pressure ( = constriction), and 4 a clear-cut fall in pressure ( = dilatation) ( Fig. 7 ; Table 3 ).
Tests on PA preparations first given active tone by UTP administration confirmed their tendency to relax to noradrenaline. Thus, in isometric tension measurements, preconstricted PA segments (n = IS) relaxed significantly to noradrenaline in a con centration-dependent manner (Fig. SA) . Similarly, in perfusion experiments, PA preparations (n = 10) relaxed significantly to noradrenaline with a similar concentration-response relationship (and Po2) to that found with the isometric tension technique (Ta ble 3; Fig. SB) . In contrast, preconstricted MCA preparations did not respond to noradrenaline in ei ther isometric tension (n = S) or perfusion (n = 6) experiments, and neither did segments of SA (iso metric tension measurements, n = 6).
The possible involvement of l3-adrenergic recep tors in the dilatation of PAs induced by noradrena line was studied by testing the reactivity in the presence of propranolol. In isometric tension mea surements 3 x 10 -7 M propranolol in the bath sub stantially reduced the previously found response to 3 x 10-5 M noradrenaline (Table 3) given as percentage of maximum UTP nique in the presence of 3 x 10 -6 M propranolol showed a significant parallel rightward shift com pared with controls (Table 3 ; Fig. 8B ). Precon stricted MCA preparations did not show any signif icant dilatation in response to isoprenaline, nor did they show potentiation of constriction to noradren aline in the presence of 3 x 10 -6 M propranolol.
Electrical stimulation
Attempts were made to study the functional sig nificance of the presumed �-receptors by applying electrical field stimulation to cause neurogenic re lease of noradrenaline from the perivascular adren ergic nerves. However, these small vessels were found to be highly inclined to develop tetrodotoxin resistant relaxations in accordance with findings in small pial arteries from other species . Such dilatations were present even at delicate stimulation parameters (from 4. 5 V, 0. 1 ms, ___ M CA, isometric tension. n = 7
• ..• MCA,perfusion pressure.n=8 0····0 PA,perfusion pressure. n= 8 80 10
.... . 6 Hz). Thus, in practice it was not possible to reveal any dilative neurogenic response.
II
DISCUSSION
The major findings of this study may be summa rized as follows: (a) The MCA and penetrating and surface branches reacted similarly to acetylcholine, tions at basal tone to increasing concentrations of noradren aline (middle points). Responses are given as changes in perfusion pressure (mm Hg). Five of these preparations re sponded by an increase in pressure (upper points), four by a decrease (lower points), and two did not respond. Means ± SEM.
by dilating to a maximum of 52-78%; (b) similar constrictive responses were obtained to histamine alone in the three types of vessel, although the MeA was more sensitive; (c) constrictive responses to serotonin were weak in all vessels and absent in some conditions in the PA and the SA; no dilata tions could be elicited with this agent; (d) during blockade of Hcreceptors, intraluminal histamine dilated the MeA in perfusion experiments, and also the PAs to a similar degree, and in isometric exper iments histamine dilated the PAs; (e) responses to noradrenaline were complex, comprising only con strictions in the MeA, nonsignificant dilatations in the PA at basal tone, dilatations in the precon stricted PA, and no response in the SA . Before a discussion of the physiological implica tions of these results, a brief consideration of the methods used is necessary. The method involving measurement of isometric tension changes clearly allows a direct comparison of the reactivity of the different vessels to be made, but the range of ves sels that can be tested is limited inasmuch as the tungsten holders have a diameter of 50 /-Lm each, thus excluding very small arterioles. This means that the mean diameter of the PAs was probably slightly greater in the isometric tension method than the perfusion pressure method, in which all pene trating branches could be used. In the latter method, a question that must be raised is to what extent the ligated MeA-patent PA preparation re flects PA reactivity. Such a preparation can be modeled as a 5 mm long central tube (the MeA) of mean diameter (under pressure) of about 0. 4 mm with four outlets (the PAs) with diameters of 0. 1 mm (but often less) and lengths about 2.5 mm (at least). One can consider the resistance of the MeA to be in series with the global resistance of the 4 PAs, which are in parallel with each other. Thus RtotaJ = RMCA + RpA, and 1IRpA = 1IRJ + 1IR2 + 11 R 3 + 11 R4 = 4/ R I' where R J is the resistance of one PA, and RpA that of all four together. Using the general formula (derived from Poiseuille's law) R = k x lief, where I is length, d is diameter, and k is a lumped constant, RMCA = 1 95k and RpA = 625k. Thus at least three-quarters of the resistance to flow lies in the PAs, and frequently rather more (with smaller and longer PAs).
The experiments with acetylcholine were all per formed by adding the agonist to the bath. In the case of the perfusion technique, the concentration (0). Means ± SEM. A: Isometric tension measurements: mean of 18 segments. of which 6 responded (mean maximum of these 6 was 55 ± 15.9%). B: Perfusion pressure measurements: mean of 10 preparations with noradrenaline alone (0) and 6 preparations in the presence of 3 x 10-6 M propranolol (0).
of agonist reaching the receptors was certainly lower than the nominal concentration in the bath because of the absence of agonist in the perfusate. This could explain the tendency for the PD2 values to be lower for this technique (Table 2) . Similarly, the absence of any washout in the isometric ten sion technique would presumably augment the concentration of endothelium-derived relaxing fac tor (EDRF) reaching the smooth muscle, producing a greater dilatory response, as noted in Table 2 .
Concerning the cholinergic innervation of these vessels, although early work performed by cholin esterase staining was assumed to demonstrate cholinergic fibres on major pial arteries (Edvinsson et ai. , 1972) , more substantial evidence for the pres ence of cholinergic fibres on intracerebral vessels has only been obtained with the advent of choline acetyltransferase (ChAT) immunohistochemistry (Eckenstein and Baughman, 1984; Saito et ai. , 1985) . However, Baramidze et ai. (1982) suggested that at branching points of cortical pial arteries the plexus of cholinergic fibres, as revealed by cholin esterase staining, is particularly dense (as is also the case for adrenergic fibres). If this is really the case, then it seems likely that it is at this point, at the origin of the small branches which we have studied, that acetylcholine released from nerve fibres may have the greatest chance of attaining the receptors in effective concentrations, particularly if such re-ceptors are situated on the endothelium, because of both the density of the plexus and the relative prox imity of the endothelium in these small vessels. This is assuming, of course, that acetylcholine does in deed play a role as a transmitter to aff ect vascular tone (Bevan et ai. , 1982) , although this is contested by some authors (Lee, 1980; Duckles, 1982; Suzuki et ai. , 1989) . The results obtained with noradrenaline suggest a striking heterogeneity in the reactivity of the differ ent vessels (Figs. 6-8; Tables 2 and 3 ). Only PAs showed dilatation; and although only 6 of 18 vessels tested in fact gave a measurable response in isomet ric tension measurements, this was significantly dif ferent from the absence of response of MCAs. The relatively low proportion of PAs relaxing to nor adrenaline in isometric tension measurements (compared to all preparations in perfusion experi ments) might be a consequence of the involuntary selection of larger PAs in this method, as already explained, which could result in the exclusion of many vessels having the necessary receptors. By contrast, in the perfusion pressure measurements the existence of relaxation in response to noradren aline in only one or two (the smallest ones?) of the three or four PAs present would be sufficient to reveal this phenomenon in that particular prepara tion.
Regarding the constrictions to noradrenaline, the fact that the MCA reacted relatively weakly, and only at high agonist concentrations, implies in this species only weak constrictive effects of sympa thetic activation. What is more, the small or absent constrictions of the two types of branches (P A and SA) tested at basal tone must further explain the weakness of the sympathetic response (Sercombe et aI. , 1975 (Sercombe et aI. , , 1979 Lacombe et aI. , 1977) . Similar results were reported by Duckles and Bevan (1979) :
100-200 f.Lm branches of the MCA responded weakly or not at all to noradrenaline (4 of 11 vessels responded at 10-4 or 10-3 M).
The present experiments have revealed that many PAs, when given tone beforehand, can dilate strongly to noradrenaline at concentrations lower than those producing constriction (if any). In the perfusion experiments propranolol shifted the dila tation concentration-response curve of PAs to sig nificantly higher concentrations, suggesting that l3-adrenergic receptors might be responsible for re laxing the smooth muscle of these vessels. The blockage by propranolol of noradrenaline-induced dilatation also in isometric tension measurements on PAs supports this interpretation. These results also seem compatible with those published by Dacey and Duling (1984) on the reactivity to nor adrenaline of rat penetrating intracerebral arteri oles. Their measurements of vessel diameter at pH 7. 30, relatively close to the pH in our bath, showed that noradrenaline induced a significant effect only at concentrations above 10-6 M, where a concen tration-dependent increase in diameter was ob served. This effect was shown not to be affected by the a-adrenergic blocker phentolamine.
Studies in situ in cats have shown that in surface arteries and arterioles there is little evidence of re sponse to l3-adrenergic stimuli (Wahl et aI. , 1974) , whereas noradrenaline and sympathetic stimulation have been shown to induce constriction (Kuschin sky and Wahl, 1975; Wei et aI. , 1978; Edvinsson et aI. , 1982) . However, all these authors found some evidence of reduced constrictive responses (to one or the other stimuli) in smaller vessels. In accor dance with these observations, Baumbach and Heistad (1983) found by measuring intravascular pressure at precise points of the cerebral vascular tree in rabbits and cats that sympathetic stimulation increased resistance in larger vessels (> 128 f.Lm in rabbits) and tended to decrease it in smaller vessels. They speculated that this decreased resistance could be due to an autoregulatory response to the reduced pial artery pressure, overcoming a reduced sympathetic constriction in the small vessels, or to a direct vasodilative effect of the sympathetic trans mitter acting on l3-adrenergic receptors.
J Cereb Blood Flow Metab, Vol. 10, No. 6, 1990 A high density of adrenergic fibers on the initial segment of small branches off the MCA was found by Baramidze et al. (1982) and has been confirmed in our laboratory (P. Aubineau and V. Dimitriadou, unpublished results). The action of sympathetic dis charge on regional subcortical blood flow might therefore be particularly subject to dilative influ ences in view of the present findings and in agree ment with the speculations of Baumbach and Heis tad (1983) . Furthermore, Peerless and Yasargil (1971) noted the presence of many varicosities at pial artery branching points, and Briggs et al. (1985) reported that intraparenchymal arterioles are sym pathetically innervated proximally and that vesicle containing terminals come much closer to smooth muscle in such vessels (80 nm) than in the parent vessel (1, 100-2, 300 nm). It therefore seems feasible that the constrictive effects of sympathetic stimula tion, at least in some deep structures, might be lim ited or even reversed by noradrenergic dilatation of penetrating branches of the MCA. Such effects could contribute to the escape phenomenon re ported by Sercombe et al. (1979) and the limited reduction in cerebral blood flow, despite marked constriction of large pial arteries, induced by reflex sympathetic activation during acute hypertension.
Responses to histamine in nonpretreated vessels were essentially the same strong constrictions in all three types of vessel. This is characteristic of rabbit arteries in general (Levi et aI. , 1982) . Although not verified here, it may reasonably be assumed that HI-receptors were responsible for the constriction, since provided evidence of their involvement in constrictive responses of the MCA. Although the experiments with noradrena line showed that some PAs could have spontaneous tone in perfused preparations [in agreement with the work of Dacey and Duling (1984) ], no dilatation could be observed unless the Hcreceptors were first blocked with chlorpheniramine or mepyramine and an active tone given (with UTP). The strong dilatation in the PAs presumably involved Hzreceptors as shown previously for MCAs under these conditions (Sercombe et aI. , 1986) . Dacey and Bassett (1987 b) also concluded that Hz-receptors were responsible for the major part of dilatation by histamine of rat penetrating intracerebral arterioles, even though histamine is not a vas constrictor in the rat and Hcreceptor activation does not induce con striction. The fact that histamine-induced dilatation was much less prominent in the experiments involv ing isometric tension measurement might be attrib utable to the use of a less effective concentration of the HI-antagonist to prevent simultaneous activa tion of HI-mediated constriction.
Constrictive responses to serotonin were gener ally weak and absent in the isometric measurements on branches of the MCA. It proved impossible to elicit dilatation by serotonin in either perfusion or isometric measurements, in any type of vessel, in apparent contradiction to previous results on cat pial arterioles obtained using the open skull prepa ration (Harper and MacKenzie, 1977) . Similarly, Dacey and Bassett (1987a) found that rat penetrat ing intracerebral arterioles were slightly constricted but not dilated by concentrations of the amine be tween 10-8 and 10-5 M; higher concentrations di lated the vessels, probably in relation to the asso ciated alteration in pH. One important difference between the study of Harper and MacKenzie (1977) , on the one hand, and that of Dacey and Bas sett (1987a) and our own, on the other, is that the former involved only surface arterioles, which ap pear in our study to be generally less reactive than the MCA or the PAs (Tables 2 and 3) . Thus, in the rabbit and rat, cerebral arterioles do not appear to react to serotonin in the same way as in the cat. It was proposed by Harper and MacKenzie (1977) that the dilatation to serotonin was mediated by activa tion of l3-adrenergic receptors. It is therefore all the more surprising that in the present study, the PAs, which relaxed to noradrenaline and the reaction of which was inhibited by a l3-adrenergic blocker, did not relax to serotonin. It remains possible that the type of receptor involved in the dilative responses to noradrenaline observed by us (and by Dacey and Duling, 1984) is not a typical l3-adrenergic recep tor, which could explain why we obtained only a moderate displacement of the concentration response curve with propranolol ( Fig. 8 ). This sug gestion does not, of course, preclude the possibility that noradrenaline may be a dilator transmitter in the penetrating arterioles. A further point is that since both PAs and SAs showed no response to serotonin, the putative serotonergic innervation originating in the brainstem raphe nuclei (Edvins son et aI. , 1983) or the serotonin present in the adrenergic nerves (Owman et aI. , 1989) would not appear to play an important role in tone regulation of rabbit cerebral arterioles, if indeed it is present.
Finally, comparison of responses to UTP or to 120 mM K + (Table 1) shows that the responses to 120 mM K + are not necessarily maximal contractile effects since first, they do not differ significantly from those induced by UTP and second, responses to HA may be greater in some cases (the mean re sponse to HA was significantly greater for the MCA than the maximal UTP response; p < 0. 05, see Ta ble 1). The responses to UTP or K + were appar ently not directly related to the number of smooth muscle layers, since MCA segments possess a max imum of three layers (see Sercombe et aI. , 1985) and PAs or SAs one or two layers; thus, the amplitude of UTP responses per smooth muscle layer is lower in both types of branches. The smooth muscle in such arterioles may therefore differ in its contractile capacity from that of the MCA, and the transient nature of the responses to 120 mM K + may possibly also be related to such a difference.
In conclusion, the comparison by two different in vitro techniques of rabbit MCAs with two types of branches has revealed generally homogeneous re sponses to acetylcholine (dilatation) and histamine (constriction), but widely differing responses to noradrenaline, which is revealed to be a remarkable dilator in many PAs. Histamine may dilate MCAs and PAs if the H)-receptors are blocked, whereas serotonin has only weak (or absent) constrictor ef fects in these vessels and no dilator action. In this species, at least, it seems possible that sympathet ically released noradrenaline may play some spe cific role in modulating flow in deep brain struc tures.
